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A B S T R A C T
Introduction: Timely, complete and accurate patient data is needed in care decisions along the continuum of
care. To access patient data from other organizations, there are three types of regional health information ex-
change systems (RHIS) in use In Finland. Some regions use multiple RHISs while others do not have a RHIS
available. The recently introduced National Patient Data Repository (Kanta) is increasingly used for health in-
formation exchange (HIE).
Objectives: The purpose of this study was to assess usage of paper, RHISs and Kanta by context in 2017; evolution
of paper use over the years; and predictors of paper use in 2017 among Finnish physicians for HIE system
development.
Methods: Data from national electronic health record (EHR) usage and user experience surveys were taken from
2010 (prior to ePrescription system implementation), 2014 (prior to implementation of Kanta) and 2017 (Kanta
was in full use in the public sector and in large private organizations). The web-based surveys were targeted to
all physicians engaged in clinical work in Finland.
Results: Kanta was the most frequently used means of HIE in 2017. Paper use had reduced signiﬁcantly from
2010 to 2014. The trend continued in 2017. Still, up to half of the physicians reported using paper daily or
weekly in 2017. There were great variations in paper use by healthcare sector, available RHIS type and EHR
system used. In multivariable analysis (with all other variables constant), predictors of more frequent use of
paper than electronic means for HIE were: private sector or hospital, access to Master Patient Index RHIS (type
1), multiple RHIS (type 4) or no RHIS (type 5), two particular EHR systems, older age, less experience, operative,
psychiatric or diagnostic specialties, and male gender.
Conclusions: Usability of HIE systems including EHRs as access points to HIE need to be improved to facilitate
usage of electronic HIE. Usage ensures more timely and complete patient data for safe, coordinated care.
Specialty-speciﬁc needs and requirements call for more user participation in HIE design. Especially older pro-
fessionals need training to better exploit HIS for HIE.
1. Introduction
Timeliness and completeness are dimensions of data quality. Access
to quality data impacts all decisions made along the continuum of pa-
tient care [1]. Healthcare services are increasingly arranged in colla-
boration among service providers across sectors. Countries are pro-
gressing in their health information exchange (HIE) initiatives with
little evidence of actual use, usability and impacts of HIE systems [2–6].
In Finland, ﬁve diﬀerent regional health information systems (RHISs)
have been in use for over 10 years. They have oﬀered three diﬀerent
ways to access patient information with patient consent across regis-
trars, with minor changes in user organizations over the years. Some
regions use multiple RHISs while some have no RHIS available,
amounting to ﬁve diﬀerent RHIS types. Deﬁnitions of the types are
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presented in Annex 1.
A national ePrescription service was implemented between
2011–2016 in Finland to improve patient and medication safety and
prescribing eﬃciency. Systems implemented in Sweden, Denmark,
Germany, and England were used as references [7]. In 2014, the service
was fully implemented in the public sector. National Patient Data Re-
pository (Kanta) implementation started in 2014 to enhance eﬃcient
handling of patient information and patient safety. Systems im-
plemented in Belgium, England, Netherlands, Austria, Sweden, Den-
mark and the United States were used as references [8]. In 2017, Kanta
was in full use in the public sector and major private organizations.
According to our earlier HIE study [9], information from other or-
ganizations was available, but it was not necessarily utilized. In regions
with type 2 HIE access, electronic HIE was more common than else-
where. Primary care physicians used electronic HIE to a larger extent
than physicians in specialized care. Electronic health record (EHR)
brand was associated with electronic HIE usage. Moreover, users of
three particular EHR brands were most active in electronic HIE use.
Usability of HIE systems is a crucial element in improving usage.
Access to more complete patient data is a factor for safer, more co-
ordinated care. Earlier studies (Annex 2) show that:
• Usage rate of HIE after implementation is often low, even if clear
beneﬁts can be shown [10]
• Usability [11–14] and practice setting [15–17] predict usage of the
HIE
• Specialty, satisfaction with push HIE and improved access to com-
plete info [17] predict overall satisfaction with HIE [15,18]
Earlier studies focus mainly on use and user satisfaction in the US.
Many studies are local, focusing on intention of use. There is paucity of
comprehensive, nation-wide follow-up studies comparing variation in
usage of diﬀerent types of HIE systems.
The objectives of this study are to assess: usage of paper, RHIS and
Kanta in 2017; evolution of paper use over the years; predictors of
paper use in 2017 among Finnish physicians. The study has implica-
tions on furthering usability of HIE and EHR systems, via which the HIE
systems are mainly used. Good usability improves usage. Usage of
timely and complete data is an important element in safe, coordinated
care.
2. Research methods
Experiences on eHealth systems have been monitored on a regular
basis in Finland from 2010 using a nationwide survey to physicians
[19–22]. A web-based survey was conducted in the beginning of 2010,
2014, and 2017, targeted to all physicians aged less than 65 years of age
and engaged in clinical work (https://www.laakariliitto.ﬁ/site/assets/
ﬁles/1266/lomake_laakarit_2017.pdf). This study utilizes a combined
data set including the 2010, 2014, and 2017 nationwide surveys.
The questionnaire was sent to physicians with an e-mail address in
the Finnish Medical Association register. In 2010, 3929 physicians re-
sponded to survey, 3781 in 2014, and 4018 in 2017 giving response
rates 27.2%, 23.1%, and 23.4%, respectively. The questionnaire from
2010 was used in all three data collections, with clariﬁcations to some
questions and pre-tested with ﬁve physicians in 2010, eight physicians
in 2014 and six physicians in 2017. In this study, the outcome variable
was:
Year 2017: To what extent do you use the following methods to
retrieve patient information from another organization (Does not con-
cern referrals and feedback)? 1) Papers or fax 2) RHIS (Regional Health
Information System) 3) Kanta. Response alternatives: Daily, weekly,
seldom, never1.
Year 2010 and 2014: Which of the following do you mainly use in
searching for patient information from ANOTHER organization; for
example, between the hospital and primary care? (Does not concern
referrals and feedback) Papers, Fax; RHIS A; RHIS B; RHIS C; RHIS D;
RHIS E; Other, please specify.
The controlling variables - gender, age, experience in EHR use,
working sector, hospital district, HIE access type, and EHR system used
– were selected based on earlier studies. HIE access type variable was
generated by grouping the respondents by hospital district to 5 groups
according to HIE access type implemented in each hospital district.
Information on the availability of various RHISs was obtained from a
separate survey [23], conducted at the same time as the physician
surveys in 2010, 2014, and 2017. Respondents of nine of the most
frequently used EHR systems (over 30 respondents) and a group ‘Other
systems’ including respondents of EHR systems with less than 30 re-
spondents were depicted in the analysis.
Representativeness was assessed by comparing age and gender
distributions between respondents to the registry of the Finnish Medical
Association. Overall, the target population was every year slightly
younger, slightly more often male than the respondents of our survey
[19,20]. As the diﬀerences were insigniﬁcant, the ﬁndings can be
generalized to all physicians in clinical work in Finland.
The controlling variables were analyzed by year. We used the Chi-
square Test to test associations between the categorical (control and
outcome) variables and the Kruskal-Wallis Test for association between
experience statement in EHR and year. We used multivariate logistic
regression analysis to study which variables predicted physicians’ use of
paper in 2017. Stepwise selection method was used for selecting in-
dependent variables for the logistic regression models using a sig-
niﬁcance level of 0.05 for a variable to stay in the model. The statistical
analysis was carried out with SAS (SAS Institute Inc., Cary, NC, USA)
version 9.3.
3. Results
3.1. Demographics
Mean age was 47.9 (men 49.6, women 46.6) in 2010, 47.7 (men
49.5, women 46.6) in 2014, and 47.7 (men 48.5, women 47.2) in 2017.
The proportion of respondents working in health centers and private
sector increased during the study period and respondents from hospitals
and other contexts decreased (Table 1) p-values show signiﬁcance of
diﬀerences between years). The proportion of the youngest and the
oldest age groups and female respondents and the proportion of re-
spondents working in areas with RHIS type 2 increased. (RHIS types
deﬁned in Annex 1). Of the EHR systems, the proportion of respondents
using EHR-systems ‘a’ and ‘b’ increased while system ‘h’ became less
popular. Responses from diﬀerent hospital districts showed no sig-
niﬁcant diﬀerences between years (p=0.243).
3.2. Use of paper, RHIS and Kanta by context of use in 2017
Up to half of the respondents still used paper daily or weekly in
2017 with signiﬁcant working sector-speciﬁc diﬀerences (Table 2).
RHISs were used daily or weekly mainly in the public health centers,
least by users from the private sector, whereas daily or weekly users of
1 The question about means of HIE was changed from 2010 and 2014, since
(footnote continued)
we wanted more precise information about frequency of HIE use by diﬀerent
means. Also Kanta had been introduced, and the old question format did not
work anymore. For comparability, an additional variable was built from the
2017 variable, depicting relative use of paper compared to e-means:
Respondents, who used paper more frequently than RHIS or Kanta were
grouped into “More paper”-users for short. Due to new format of the question
statistical diﬀerences between the variables ‘More paper’ and ‘Mainly paper’
were not calculated.
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Kanta were mainly respondents from the public health centers and
private sector.
Diﬀerences in usage of paper by available RHIS type were sig-
niﬁcant(p < 0.001): paper was used daily or weekly most frequently
by those with RHIS type 5 in use (42%), least by those with RHIS type 2
in use (25%) and by one third of those with RHIS types 1, 3, and 4 in
use (37%, 30% and 33% respectively). EHR system ‘a’ and ‘h’ users
responded using paper daily or weekly most frequently (53% and 52%
of respondents respectively) (p < 0.001).
3.3. Evolution of paper use by year, working sector, RHIS system and EHR-
system in use
Between 2010–2014, there was a signiﬁcant shift from ‘mainly
paper’ to ‘mainly electronic’ means of HIE (Table 3). The shift was also
seen when looking at paper users by working sector, with biggest de-
creases in paper use among physicians working in hospitals and health
centers. In 2017, less than ﬁfth of all respondents reported using ‘more
paper’ than RHIS or Kanta, with signiﬁcant diﬀerences by working
sector.
Reduction in ‘mainly paper’ use from 2010 to 2014 was evident also
by RHIS type used, with biggest reduction (from 42% to 14%) in re-
sponses from regions using type 2, and smallest from regions using type
5 RHIS (from 85% to 74%). In 2017, signiﬁcant diﬀerences remained:
proportions of users of ‘more paper’ by RHIS types 1–5 were 18%, 6%,
9%, 13%, and 25% respectively (p < 0.001).
The proportion of ‘mainly paper’ users remained very high in
2010–2014 for users of EHR system ‘b’ (90–86%), ‘d’ (79–66%), ‘h’
(83%–81%) and ‘i’ (77%–62%). Users of EHR system ‘c’ (from 39% to
16%), ‘f’ (from 75% to 35%), and ‘g’ (from 55% to 29%) showed over
20 percentage unit reductions in paper use. For EHR system ‘e’, the
proportion of physicians using mainly paper remained low from 2010
to 2014 (13% to 2%). In 2017, the lowest rates of ‘more paper’ re-
sponses were from users of EHR system ‘e’ (2%), ‘g’ (5%), ‘c’ (9%), and
‘d’ (13%), and highest for systems ‘h’ (39%), ‘i’ (27%), ‘f’ and ‘b’ (23%),
with statistically signiﬁcant diﬀerences between systems (p < 0.001).
(Annex 3 table 6)
3.4. Predictors of paper use in 2017
Access to RHIS types 1 and 5 increased the odds for using ‘more
paper’ than RHIS or Kanta compared to access type 2, controlling for
age, gender, working sector, EHR system used, experience in EHR use,
and specialty (Table 4). The odds for using more paper than RHIS or
Kanta was higher among physicians working in private sector (OR 11.0,
95% CI 4.8–25.1) and specialized care (OR 1.7, 95% CI 1.1–2.8) com-
pared to those working in health centers. EHR system ‘f’ users’ odds for
using more paper was higher, whereas system ‘a’, ‘b’ and ‘g’ users’ odds
Table 1
Demographics of the respondents.
2010 2014 2017 p
Target population N 14,411 16,350 17,210
Questionnaire sent (% of target
population)
87 91 93
Respondents N 3,924 3775 4009
Gender % < .000
male 42.2 38.1 35.1
female 57.8 61.9 64.9
Age group % < .000
−34 12 16.9 16.7
35-44 23.6 21.2 21.9
45-54 33 28.4 26.7
55- 29.1 33,6 34.7
Working sector % < .000
Hospital 47.3 45.1 45.2
Health centre 24.1 24.9 25.5
Private 12.2 12.6 15
Other 16.4 117.3 14.3
Experience in EHR use % < .000*
Novice 1.2 0.9 0.9
2 7.1 4.8 3.7
3 26.5 22 23.3
4 42.2 45.2 41.4
Very experienced 23.1 27.1 30.8
Means of electronic HIE in use % < .000
Type 1 (Master patient Index)
RHIS+Kanta in 2017
32.4 30.1 31.5
Type 2 (Virtual regional EHR)
RHIS+Kanta in 2017
14.8 16.1 19.9
Type 3 (Web distribution) RHIS+Kanta
in 2017
9.9 10.1 10.8
Type 4 (multiple) RHIS+Kanta in 2017 4.8 3.3 0
Type 5 (no) RHIS+Kanta in 2017 38.2 40.4 37.8
EHR system used % < .000
System a (Private care) 0 3.3 4.7
System b (Private care) 9.9 11.7 12
System c (Public primary & special. care) 25.7 24.1 25.9
System d (Public special. care) 5.7 5.4 5.8
System e (Public primary care) 1.3 1.3 1.3
System f (Public primary and special. care) 4.3 3.9 5.6
System g (Public primary and special.
care)
14.1 13.4 14.4
System h (Private care) 2.7 3.1 2.1
System i (Public special. care) 25.5 24.7 23.6
Other systems (j) 10.8 9.7 5.7
EHR (Electronic health record), HIE (Health information exchange), RHIS
(Regional health information system), Kanta (National patient data repository).
* Kruskal-Wallis test.
Table 2
Use of paper, RHIS and Kanta by working environment in 2017.
Working sector
Hospital Health
centre
Private Other p
Using paper Total N 1717 967 571 545 0.001
Daily / weekly % 33.9 35.5 43.1 37.6
Less frequently /
not at all %
66.1 64.5 56.9 62.4
Using RHIS Total N 1711 996 510 513 < .000
Daily / weekly % 38.1 68.3 7.7 24
Less frequently /
not at all %
62 31.7 92.4 76
Using Kanta Total N 1747 1005 582 547 < .001
Daily / weekly % 38.8 59.3 55.8 34.7
Less frequently /
not at all %
61.2 40.7 44.2 65.3
RHIS=Regional Health Information System.
Table 3
Main means of HIE, and use of paper by working sector in 2010, 2014 and
2017.
Year 2010 2014 p Year 2017 p
Means of HIE % < .000 Means of HIE %
Mainly e-
means
37 47 More e-
means
82
Mainly Paper 64 47 More paper 18
Total N 3644 3375 Total N 3800
Mainly paper / working sector % < .000 More paper / working
sector %
< .000
Hospital 68 47 Hospital 19
Health centre 39 20 Health
centre
5
Private 89 87 Private 26
Other 68 55 Other 31
Total N 2259 1574 Total N 685
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was lower compared to the reference system (system ‘c’). The odds for
using more paper among physicians working in operative, diagnostic
and psychiatric specialties as well as those without specialization was
higher compared to physicians working in general medicine specialty.
For older physicians and male gender the odds for using more paper
was higher. Increase in number of years of using the EHR system de-
creased the odds.
With ‘use of paper daily or weekly’ variable as the independent
variable, access to RHIS types 1 (OR 1.6, 1.2–2.1) and 5 (OR 1.9,
1.4–2.5) remained as signiﬁcant predictors. The use of EHR system ‘a’
increased the odds for frequent paper use (OR 1.6, 1.1–2.3).
4. Discussion
4.1. Discussion by key results
Up to half of the Finnish physicians still used paper for HIE daily or
weekly in 2017. This can at least partially be explained by system and
data availability: RHISs were not available in all regions, most of the
private providers could not access RHISs and all had not joined Kanta.
All pertinent patient data are not yet available via Kanta, with up to ﬁve
days’ delay in storing it there, which can be considered too long also in
non-urgent cases. Also, daily nursing documentation and medication
administration data are not yet stored in Kanta, but are available via
RHIS types 2 and 3. In addition, by autumn 2017, only half of patients
had given consent to view their data across registrars (https://yle.ﬁ/
uutiset/3-9867258): without consent the data are archived in Kanta,
but not disclosed. Trust in privacy has been emphasized in previous
literature as prerequisite for HIE [24].
Working sector was a strong predictor of more paper use in 2017 as
in our previous study [25]. Availability as well as diﬀerent HIE needs
may explain the result: The largest private providers have patient data
documented within the same organization available nationally within
the same EHR system. In most hospital districts, physicians have had
access to regional radiology and laboratory information systems for
nearly two decades, which may reduce the need for viewing RHIS or
Kanta in the public sector. Also, pertinent patient information is usually
provided in the referral to hospital, sent via point to point connection.
Moreover, in cases of inpatient transfers between organizations, in-
formation is usually printed to be brought along with the patient.
During the hospital stay or consecutive visits to outpatient departments,
there is obviously less need for HIE.
Signiﬁcant diﬀerences in paper use by RHIS type and EHR system
(cf. [10]) suggest diﬀerences in usability of information retrieval as a
likely explanation. In the 2010 analysis [9] type 1 predicted lower
likelihood of experiencing RHIS support for cross-organizational colla-
boration and higher likelihood of usability problems, which may ex-
plain the higher use of paper in these regions still in 2017 (Types 4 and
5 were not assessed in the earlier analysis). According to previous
studies, usability [11–14] and practice setting [15,16] predict usage,
and specialty, satisfaction with push HIE, improved access to complete
info [15,18,26] predict overall satisfaction with HIE.
The results show great reduction in paper use between 2010 and
2017. Implementation of the national Kanta system after 2014 is the
most feasible explanation. It has oﬀered the private sector and regions
without RHIS access to patient data across registrars for the ﬁrst time.
However, for physicians who already had access to RHIS, Kanta has
oﬀered less added value.
Specialty, age and gender predicted more paper than RHIS or Kanta
use in addition to the working sector, HIE access type and EHR system
used. Working sector as controlling variable divides respondents also by
specialty. Operative, diagnostic and psychiatric specialties as predictors
of more paper use may also indicate specialty-speciﬁc HIE needs: In
operative specialties, relevant information is usually provided in the
referral. Diagnostic specialties have dedicated HIE systems (PACS and
LIS). In psychiatry, some patients may be more hesitant in giving
consent for HIE, however, we found no studies assessing this. Also data
of psychiatric patients are in some cases protected with additional ac-
cess control, which may make its electronic usage more diﬃcult than in
other specialties. Operative specialties and psychiatry have been also
slower in EHR adaptation than conservative specialties [27–29]. Our
ﬁnding of males being more likely to use paper for HIE than females is
supported by a study showing women being more likely than men to
use computers at work [30]. A study on predictors of EHR use showed
no gender-speciﬁc diﬀerences [31]. Age increased the likelihood of
using more paper in our study, reducing likelihood of using EHR also in
an earlier study [31].
4.2. Limitations
Questionnaires are suitable for gathering an overview of a situation
and current problem areas from a large group of users. Results don’t
reveal the causes of problems, but a national survey to users to monitor
eHealth policy implementations gives direction to problem solving.
Extent of HIE could also be studied using access logs from various HIE
systems. However, they do not reveal whether the user actually found
the information she/he needed, what proportion of this information
was considered useful and what other means for HIE were used.
Subjective questionnaires add to our knowledge of actual HIE usage
patterns.
The generic survey method reliability and validity questions also
apply in this study [32], and were considered when formulating the
survey. Three members in our research group were practicing primary
and secondary care physicians. This allowed us to ﬁt the questions to
respondents’ everyday practice, language and understanding of HIE and
formulate introductory text.
Selection bias may also occur. In 2010, register information on the
physicians’ working sector was used to include only physicians working
in the clinical work into the target population. In 2014 and 2017, this
information was no longer available. Therefore the questionnaires were
Table 4
Predictors of using more paper than RHIS or Kanta in 2017.
Odds Ratio Estimates
Eﬀect Point Estimate 95% Wald
Conﬁdence Limits
rhietype 1 vs 2 2.1 1.3 3.4
rhietype 3 vs 2 0.9 0.4 1.8
rhietype 5 vs 2 2.1 1.3 3.5
Age group 2 vs 1 1.6 1.1 2.3
Age group 3 vs 1 2.9 2.0 4.1
Age group 4 vs 1 2.8 1.9 3.9
workings hospital vs health centre 1.7 1.1 2.8
workings private vs health centre 11.0 4.8 25.1
workings other vs health centre 4.4 2.5 7.6
ehr 1 vs 3 0.3 0.2 0.6
ehr 2 vs 3 0.2 0.1 0.5
ehr 4 vs 3 1.4 0.6 3.1
ehr 5 vs 3 0.2 0.0 1.3
ehr 6 vs 3 1.9 1.2 3.2
ehr 7 vs 3 0.5 0.3 0.8
ehr 8 vs 3 0.7 0.3 1.6
ehr 9 vs 3 1.5 0.9 2.5
ehr 10 vs 3 0.9 0.5 1.6
Experience 1 vs 5 3.0 1.3 6.9
Experience 2 vs 5 2.2 1.4 3.5
Experience 3 vs 5 1.4 1.1 1.8
Experience 4 vs 5 1.2 1.0 1.5
Operat vs general 2.9 2.1 4.1
Conservat vs general 1.4 1.0 2.0
Diagnost vs general 3.7 2.3 5.9
Psychiatr vs general 1.9 1.3 2.9
Not known vs general 1.5 0.4 5.8
Nonspecial vs general 1.8 1.2 2.7
male vs female 1.3 1.1 1.6
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sent to all working aged physicians (i.e. to a larger target population,
with a cover letter calling for responses from physicians in clinical
work). Based on the results, only physicians working in the clinical
work responded the survey each year. Also the register of e-mail ad-
dresses was not totally comprehensive, which may have caused addi-
tional selection bias.
Grouping respondents by available HIE type was not straightfor-
ward: ways that physicians can access data from other organizations
and data contents available for them varies, and physicians may not be
aware of types of HIE they use. Therefore we used information from an
organizational survey for grouping.
We were not able to statistically compare ‘mainly paper’ variable
from 2010 to 2017 due to change in questions. We calculated a proxy
variable ‘more paper’ to serve in the place of ‘mainly paper’ in the 2017
data, not including it in statistical comparisons.
Questionnaires focus on subjective experiences, which can also be
considered an advantage. Previous research shows a strong correlation
between user satisfaction of the system, actual usage of it and experi-
enced beneﬁts [33]. A carefully planned questionnaire may oﬀer the
respondents unique means of communicating their experiences of ICT
usage oﬀering invaluable state-of-the-art data from end-users’ view-
point
5. Conclusions
Physicians use paper if they cannot achieve their goals with in-
formation systems. Results call for improvements in EHR- and HIE-
system usability to increase usage. Timely access to more complete
patient data facilitates safer and more coordinated care of patients.
Type 2 RHIS predicted less paper use, providing a good reference point
for development.
Results related to specialty- and user-speciﬁc diﬀerences in HIE
pinpoint the urgency to develop deeper understanding of diﬀerences in
needs and requirements of HIE. Developing information contents of
national information services (e.g. Kanta in Finland) for added value to
the physicians at point of care across specialties requires more colla-
boration with users. Attention needs to be paid in older professionals’
skills in exploiting the electronic means of HIE.
Summary table
What was known on the topic
• Several countries are implementing regional or national HIE
systems.
• Earlier studies have shown rather low use rates: Usability and
practice setting predict usage of the HIE
• Preferred means of HIE (paper/ electronic) is associated with
the HIE system type, the working sector and the EHR system
used
What the study added to the topic
• Frequency of paper use for HIE is still relatively high in 2017
in Finland, although paper use has reduced as the main
means of HIE from 2010.
• RHIS type, EHR system, working sector, specialty, age and
gender predict paper use.
• Poor usability of electronic HIE and EHR systems are probable
causes of HIE and EHR-speciﬁc diﬀerences.
• Additional analysis is required on speciality-speciﬁc needs and
factors predicting HIE success.
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